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Abstract
This paper presents a cost-beneﬁt analysis of three diﬀerent use systems for the
remaining cloud forests in Ethiopia which at present are being depleted at a rate of
8% per year. These use systems are traditional conversion to crop land, sustainable
management of the forest (e.g. by growing high-quality semi-forest coﬀee), and strict
protection. We ﬁnd that conversion to cropland yields the highest net present income
value for the local population, and at discount rates of 10% is even in the best interests
of the country. For discount rates of at 5% or lower, sustainable forest use is in the
best interests of the country. Taking into account the global beneﬁts of biodiversity
conservation and carbon storage, sustainable forest management yields the highest
total economic value.
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11 Introduction
Although a considerable part of the highlands of south-west Ethiopia are still covered by
cloud forests, these are being depleted at the alarming rate of 8% per year (FAO [a]).
This loss is of global importance as the east African mountains are among to the most
biologically diverse regions in the world. Cloud forests are generally considered to be
concentrations of biodiversity with high levels of endemism. A special feature of the cloud
forests in Ethiopia is that they provide a habitat to the last wild populations of Arabica
coﬀee. Arabica Coﬀee originates from Ethiopia, and these wild plants represent its genetic
base. During the 13th century a few tres were taken to Yemen and they spread out from
there across the globe. As a consequence, the genetic make-up of the coﬀee plants growing
on plantations in other coﬀee-producing countries is very similar. This renders them
vulnerable to new pests and diseases. By contrast, the populations growing in Ethiopia’s
cloud forest are characterized by high genetic diversity as a result of evolutionary processes
which have been taking place for centuries. The information stored in the wild coﬀee genes
is therefore a valuable resource for breeding purposes.
To prevent further deforestation and conversion to arable land, an initiative by the
Ethiopian government and the European Commission has transformed the cloud forests
into protected parks. This initiative conﬂicts with the interests of the local communities,
half of their territory being covered by forest which they use notably to produce so-called
semi-forest coﬀee. The collection of non-timber forest products and fuel wood generates
additional income and provides a safety net for the extremely poor. The people living
around the forests are subsistence farmers. As arable land is scarce, farmers are sometimes
forced to extend their agricultural ﬁelds into the forest.
The situation described here is not unique to Ethiopia. Similar developments can be
2observed in several sub-Saharan countries. The main drivers of biodiversity loss have been
identiﬁed by Perrings [2000] as growth in demand induced by population expansion and
economic development, market and policy failure, and a distribution of assets that often
leaves people with little choice but to use natural resources in an ecologically unsustainable
way.
The literature on the environmental Kuznets curve initiated by Grossman and Krueger
[1995], suggests that environmental degradation displays an inverted U-shaped pattern
over time. In the course of economic development it is high but it decreases when income
reaches a certain level and society attributes greater importance to the environment. The
inference from this relation is that economic growth may eventually take care of one of
the main drivers of biodiversity loss.
A diﬀerent view suggests that both conservation and the use of biodiversity are inte-
gral parts of, and necessary for, sustainable development. This strand of the literature
inquires into local win-win options and synergies between environmental conservation and
poverty alleviation (e.g. see Wunder [2001]). For instance, Collins and Qualset [1998],
Buck et al. [1998], Lee and Barret [2001] discuss the potential of agro-forestry systems
in combining environmental objectives with the aspirations of local communities. Pearce
et al. [2003] highlight the role that sustainable forest management can play in maintain-
ing forests and biodiversity. A number of case studies investigate the role of non-timber
forest products for household incomes, as well as the conditions for, and the impacts of,
their commercialization (see Shanley et al. [2002], Byron and Arnold [1999]). Ruiz-P´ erez
et al. [2004] observe that income potential and the successful commercialization of these
products depend crucially on the existence of an appropriate infrastructure and access to
skills and services.
3Having recognized that the economic needs of the local population often lead to de-
forestation, several organizations are looking for innovative ways of compensating local
communities for their conservation eﬀorts. Markets for environmental services are being
created, where consumers pay premiums for ”green” products identiﬁed by eco-labels. In
general, Payments for Environmental Services (PES) induce farmers to take account of the
external environmental eﬀects associated with their activities. With respect to poverty,
Wunder [2005] and Pagiola et al. [2005] argue that the question of the extent to which
PES can contribute to poverty alleviation has yet to be answered satisfactorily.
Sunderlin et al. [2005] summarizes the theory behind, and the available evidence con-
nected with, two questions: To what extent can forests serve as an income basis to support
poverty alleviation in developing countries? Is the way forests are used for the sake of
poverty alleviation compatible with conservation eﬀorts? With respect to the ﬁrst ques-
tion, the authors emphasize that forests play an important role in mitigating extreme
poverty by providing essential services like medicinal plants and food, especially in remote
areas. Their role in rescuing people from poverty is, however, less clear and depends on
supporting institutions like markets for environmental services and non-timber forest prod-
ucts. With respect to the second question the authors conclude that more local research
is needed, which should at the same time be integrated into a society-wide perspective.
This study can be regarded as a contribution towards fulﬁlling this requirement.
The objective of our study is to analyze whether the interests of the global community,
the Ethiopian government, and local farmers can be reconciled. Three competing use
systems stand out as possible scenarios for forest use: conversion to arable land, sustainable
use of the forest with production of semi-forest coﬀee, and strict conservation of the forest
as currently directed by the Ethiopian government. We calculate the income associated
4with each of the three alternative use systems to illustrate the private economic incentives
for the local communities. Subsequently, we undertake an economic analysis of the three
systems, taking national and global values into consideration.
Our main ﬁndings are that, taking a high discount rate of about 50% of the local
population as given, conversion of the forest to cropland is rational for the local population,
and yields a higher net present income value than sustainable forest management. But
even for a discount rate of 10%, as recommended for the evaluation of projects by the
Ethiopian Ministry of Economic Development and Cooperation, conversion to cropland
would be in the best interests of the Ethiopian nation. Only for discount rates of 5% and
lower is sustainable forest management the best alternative, while strict protection yields
a negative net national income values due to the cost of maintenance. Taking into account
global environmental services of the forest such as biodiversity, in particular as a gene pool
for coﬀee Arabica, and carbon storage, sustainable forest management yields the highest
total economic value.
Combining the ﬁnancial incentives of the local population and the total economic
value of the forest, we ﬁnally discuss the potential of price premiums for semi-forest coﬀee
achieving both the conservation of the cloud forests and the alleviation of poverty.
The paper is organized as follows: The next section describes the main characteristics
of the three competing forest use systems. Section 3 presents the income analysis. In
section 4 we provide an analysis of total economic value from a local, national, and global
perspective. In section 5 we wrap up our results and present some policy conclusions.
52 The Competing Forest Use Systems
In this section we describe the three competing use systems: maize production, strict
conservation of the forest as currently directed by the Ethiopian government, and the
sustainable use of the forest with production of semi-forest coﬀee. Our study areas are
the two districts of Sheko and Yayu (see Table (I)). In the preparations for this study,
primary and secondary data were collected in Yayu, Sheko and the capital of Ethiopia,
Addis Ababa in 2003 and 2004. The respective data sources are indicated in the text.
A list of experts consulted in the course of the ﬁeld research is given in the appendix.
In Sheko and Yayu several experts from the local departments of agriculture and the
administration were interviewed and provided us with access to data. These sources are
indicated by ”DoA.”
2.1 Maize Production
Farmers in Yayu and Sheko practise low-input, rain-fed subsistence farming. On average
they cultivate 1.5 ha of land in Sheko and 1 ha in Yayu (DoA). In Ethiopia 1 ha is the aver-
age amount of land per household and is regarded as the absolute minimum for providing
suﬃcient food for one household (Berhanu et al. [2002], p. 58). The current cultivation
practices are considered ecologically unsustainable. In the ace of a rising population and
the scarcity of arable land, farming communities largely employ two coping strategies.
Sheko Yayu
Number of households 4,454 17,127
Number of villages 17 37
Total area 50,000 ha 163,000 ha
Total forest 25,042 ha 80,420 ha
Protected forest 9,025 ha 10,000 ha
Table I: The study areas Yayu and Sheko in 2003, source: DoA
6They reduce fallow periods by cultivating continuously, and they cultivate unsuitable land
with steep slopes of up to 50%. Only 10% of the farmers use fertilizer. This practice
results in serious land degradation involving a high degree of soil erosion and nutrient
mining. The concomitant annual productivity losses on croplands in the south-western
highlands of Ethiopia are estimated to be 10% (Denboda [2005]).
To achieve an ecologically sustainable increase in production that would oﬀset both
the population growth of 2.3% and the negative eﬀects of land degradation, farmers would
have to intensify their land management and to adopt soil conservation measures. In-
tensiﬁcation involves using fertilizers and improved seeds. The proﬁtability of these new
technologies is, however, severely constrained by imperfect input and output markets and
a poor infrastructure (Techane [2001], Demeke [2001]).
Conservation of the production basis requires both biological and physical measures to
prevent, or at least signiﬁcantly reduce, soil erosion and land degradation. Of course there
are schemes that are widely accepted among agricultural and development professionals,
but their dissemination among farmers is diﬃcult. The main obstacle to sustainable land
use is the ill-deﬁned allocation of property rights induced by the land tenure system in
Ethiopia. According to the country’s constitution, the ownership of land rests with the
state and the people of Ethiopia. Private ownership and land markets are not permitted.
Instead, the government allocates land use rights to the farmers. Repeated land redistri-
bution practices in Ethiopian history have led to a high degree of uncertainty concerning
the tenure rights of the farmers’ holdings. During a nationwide survey on tenure rights
and farmers’ reactions, only 3.5% of the households believed that they could retain their
current holdings for over 20 years, while the overwhelming majority of households did not
believe that their claim to their existing holdings would last more than ﬁve years (Berhanu
7et al. [2002], table 19). This uncertainty reduces incentives to invest in the maintenance
of land.1 To take account of the two possible forms of maize production, the traditional
but ecologically unsustainable method, on the one hand, and the improved but rather
unrealistic method, on the other, we will calculate income, costs, and beneﬁts for each of
the two in sections 3 and 4.
2.2 Strict Forest Conservation
The polar strategy for converting forest to farm land is strict conservation. In the distant
past, one third of Ethiopia was covered by forest, but currently only 2% of the former
forest is left. The northern and central highlands have been deforested completely. The
remaining forests of Ethiopia are currently under the special protection of the government,
which has demarcated 58 national forests as National Forest Priority Areas (NFPA) (EFAP
[1994]). By law, no encroachment on the NFPA is tolerated and cutting down trees is
frequently punished by prison sentences. In practice, the enforcement of this policy in
most of the NFPA is diﬃcult and expensive. The forests of Yayu and Sheko, however,
receive special attention due to the remaining populations of wild coﬀee still growing there.
The Coﬀee Improvement Project ﬁnanced by the European Commission aims to conserve
this coﬀee gene pool for future breeding activities (Agrisystems [2001]).
One reason why it is diﬃcult to conserve coﬀee germ plasm ex situ in seed gene banks
is that its seeds do not stay viable for very long. Another option is to store genes in a ﬁeld
gene bank, where live plants are stored. These collections are not very secure, however,
as the plants might succumb to diseases and pests. They are also expensive to maintain.
1The Ethiopian government is determined to keep this land legislation anchored in the constitution
(Berhanu et al. [2002], Teklu [2003]) and has no intention of fundamentally changing the current system. On
the contrary, the government claims that the system promotes equity among farmers, prohibits speculation
on land, and prevents migration to the towns.
8By contrast, coﬀee plants conserved in situ are kept in their natural forest ecosystem.
Its main advantage is that the evolutionary process can continue as the plants adapt to
changes in environmental conditions (Gole et al. [2002]).
The conservation authorities in Ethiopia suspect that permitting the local communities
to enter the demarcated areas would entail further disturbance in the form of illegal logging
and harvesting of wild coﬀee. Therefore guards patrol the demarcated areas in Yayu and
Sheko, which cover areas of 10,000 and 9,000 hectares respectively.
2.3 Sustainable Forest Management
Between the two polar strategies, i.e. complete conversion and strict conservation, sustain-
able use strategies may be considered as a viable alternative. In this particular case the
use strategy consists in growing coﬀee in the forest and in harvesting renewable resources
such as honey, plants for medical purposes etc. from the forest.
Coﬀee accounts for 60% of the country’s exports and the government estimates that
about 15 million households depend either directly or indirectly on coﬀee for their liveli-
hood. 94% of Ethiopia’s coﬀee is produced by 700,000 smallholders growing coﬀee either
in their gardens or in nearby forests as so-called semi-forest coﬀee (Oxfam [2002]). The
remaining 6% is produced on plantations.
Semi-forest coﬀee is organically produced and grown in the forest under the canopy of
shade trees. The forest is thinned out in order to give the coﬀee plants more space. As
the agronomic conditions are near optimal, only some minimum husbandry practices are
needed to produce very ﬁne Arabica coﬀee.
It is important to note that the production of semi-forest coﬀee is diﬀerent from har-
vesting wild coﬀee that grows completely uncontrolled deep inside the less accessible re-
9gions of the forest. The practices of semi-forest coﬀee production deﬁnitely damage the
natural forest system to a certain extent. A vegetation study conducted by Gole [2003] in
the Yayu forest ﬁnds that the diversity of higher plants in the semi-forest coﬀee areas is
only half as high as in the natural forest. Nevertheless, the managed coﬀee forest can still
be considered a relatively intact forest ecosystem serving as an eco-support system and
providing a variety of services such as the regulation of both the quality and quantity of
water and the conservation of soil.
Management can aﬀect the diversity of coﬀee populations in several ways. Farmers can
increase diversity by planting coﬀee trees from diﬀerent parts of the forest and introducing
land races.2 Removing weaker races achieves the opposite. An overall eﬀect of manage-
ment on the diversity of coﬀee populations has not been observed so far. The genetic
diversity of coﬀee populations growing in semi-forest areas is similar to the diversity of
coﬀee populations growing wild in the natural forest (pers. com. T. Borsch).
In order to bypass low world commodity prices for coﬀee and to capture price pre-
miums, a minority of Ethiopian farmers have managed to enter the niche market for dif-
ferentiated and organic coﬀee3 with price premiums amounting to anything up to 100%.4
However, these markets are still small. Mainstream qualities, including Robusta coﬀee, ac-
count for a estimated 85%-90% of world coﬀee consumption, while the share of high-quality
coﬀee makes up 10% - 15% of the world market (ITC [2002]). The share of diﬀerentiated
coﬀee is however increasing in Western countries.5 Therefore we will consider both sce-
2Land races are varieties deriving from a process of selection by the farmers themselves. They are
usually found in gardens and on plantations.
3Diﬀerentiated coﬀee can be clearly distinguished from mainstream brands by origin, deﬁned processing,
or exceptional characteristics such as superior taste or zero defects (see Lewin et al. [2004]).
4Most niche market suppliers in Ethiopia are represented by the Oromiya Coﬀee Farmers Cooperative
Union (OCFCU), which exports certiﬁed organic fair-trade coﬀee. In 2002 and 2003 the price paid to
farmers was double the price for conventional coﬀee (pers. com. T. Meskela (OCFCU)). However, due to
transaction costs only a minority of farmers manage to sell their coﬀee as certiﬁed.
5For organic coﬀee the industry predicts future sales growth rates of up to 20% per year (Lewin et al.
[2004]).
10narios for the income analysis: farmers selling diﬀerentiated coﬀee and farmers selling
conventional coﬀee.
In summary, there are three main use systems competing for the forest resource: (1)
the conversion to arable land and the cultivation of food crops, notably maize, in two
diﬀerent ways, (a) the traditional system, which is ecologically unsustainable and which
provides low yields, and (b) a modern sustainable mode of production, the skills for which,
however, are not yet disseminated in the area under investigation; (2) the sustainable use
of the forest, including harvesting of renewable resources and the production of semi-forest
coﬀee; (3) strict protection for the sake of biodiversity conservation.
3 Income Analysis from the Perspective of the Local Pop-
ulation
We now proceed to estimate the private income generated by the three use systems using
a time horizon of 24 years. We assume that strict conservation does not generate any
income. Conversion to farm land yields returns from logging and maize production, while
the sustainable use of the forest is characterized by a variety of income sources such as
coﬀee, wood products, and several non-timber forest products. The monetary ﬂows will
be expressed in US$ per hectare6. To evaluate intertemporal income streams, discounting
is necessary. Due to distorted capital markets and ill-deﬁned property rights, the market
interest rate does not accurately reﬂect the local farmers’ time preference rate.
Few studies exist on time preference rates in developing countries. Holden et al. [1998]
use a stated preference method to measure rural households’ annual discount rates for
6We use an exchange rate of 1$:8.6 Ethiopian birr, which was the average exchange rate from 2003 to
2005 (NBE [2005]).
11money in Indonesia, Zambia, and Ethiopia. Assuming that time preferences are charac-
terized by a constant exponential discount function, they estimate mean annual discount
rates of 93% in Indonesia, 105% in Zambia, and 53% in Ethiopia. These high rates are in
line with an earlier study conducted in India (Pender [1996]), which established median
discount rates of over 50%.7
Despite the distortion capital and ﬁnancial markets, local market interest rates are also
inﬂuenced by time preference rates. Farmers in Sheko and Yayu have access to formal and
informal ﬁnancial services. In the informal sector, ﬁnancing is obtained from family and
friends, rotating savings and credit associations, and commercial money-lenders. Interest
rates and repayment terms for commercial money-lending are often quite ﬂexible, but
they can be as high as 100%. Credit associations are traditional institutions through
which group members meet each other’s ﬁnancial needs. But their capacity is limited
(Aredo [2001]). Formal ﬁnancial services in Yayu and Sheko are oﬀered by two micro-
ﬁnance institutions, which are public entities with the objective of delivering micro-loans
and micro-savings to resource-poor but productive people. Credits are group-based and
require group guarantees. The main characteristics of these schemes are indicated in Table
(II).8 We take 30% as an approximation of the average interest rate in both the formal
and the informal sector.
Given the limitations of the local ﬁnancial system, we apply a discount rate of 30% as
a lower bound and 53% as the upper bound.
7It is often argued that high time preference rates reﬂect the high-risk environment faced by the farmers,
the main risk factors being frequent droughts, coﬀee and maize price ﬂuctuations, and health risks such
as malaria and HIV/Aids. As private and public risk management strategies are often ineﬀective, farmers
are especially vulnerable to these risks (c.f. World Bank [2005]).
8Farmers use these credits in order to buy fertilizer, seeds, and livestock. However, not all farmers are
willing to form a group because of transaction costs and the risk involved, and not all of them are informed
of this possibility.
12Terms of small credits Sheko Yayu
Amount of credit (ETB) 50 - 1200 1000 - 5000
Interest 15% 12,5%
Farmers per group 5 4-6
Collateral group members, house, lifestock group members
Payback period variable 1 year
Table II: Micro ﬁnance in Yayu and Sheko
3.1 Maize
3.1.1 Traditional Land Management
The local departments of agriculture in Yayu and Sheko report an annual maize produc-
tion of 1800kg per hectare where traditional techniques are employed. A recent study
investigating the consequences of deforestation in the south-western Ethiopian highlands
on soil erosion ﬁnds that the productivity of maize cultivated on deforested lands in the
traditional way declines by 10% per year due to nutrient mining and erosion (c.f. Denboda
[2005]). We incorporate this productivity decline in our calculations on future output.
The farm gate price for 100 kg lies at US$ 4.7 during the harvesting period, and US$
7 in Sheko and US$ 10.5 in Yayu later in the year. As farmers sell half of their produce
immediately after the harvest, when the price is the lowest, we use a price of US$ 6 in
Sheko and US$ 7 in Yayu.
Labor input has been assessed by the Ethiopian Agricultural Research Organization.
According to the respective cropping calendars, farmers work approximately 4 months on
their ﬁelds for tillage, sowing, and harvesting (c.f. Shibru et al. [2002]). We estimate the
opportunity costs of rural labor, based on the value of agricultural production and labor
input, to be US$ 0.4 per man and day.9 Thus we arrive at labor costs for maize production
of 48 US$/ha. In accordance with these calculations, one hectare of maize leads to net
9The details of the calculation are given in the appendix.
13returns of US$ 60 and US$ 78 in the ﬁrst year.
3.1.2 Improved Land Management
For improved land management we assume the application of fertilizer and biological
measures against erosion. Under these conditions, the average production of maize in
Yayu and Sheko is 3200 kg per hectare (DoA).
Input costs include fertilizer costs, labor, and investment in soil conservation. Fertilizer
costs are around US$ 50 per ha (DoA). The additional costs associated with soil conser-
vation are approximated by the investment in biological measures to prevent erosion. A
biological soil boundary of Vetiver grass is a popular technique in the region of Yayu and
Sheko, because it can also be used for other purposes (DoA). Hence its planting generates
additional beneﬁt. Here only the planting material will be included on the cost side. As
the farmers are willing to plant the grass if they are provided with the planting material,
it is assumed that the labor cost associated with planting is less than, or equal to, the
additional beneﬁt of the grass. The planting material costs US$ 13.5 for one hectare.
Labor costs and farm gate prices are the same as for traditional land management.
To sum up, maize produced in an ecologically sustainable way on one hectare of land
generates a net annual income of US$ 80.5 in Sheko and US$ 112.5 in Yayu.
3.2 Semi-Forest Coﬀee
In semi-forest coﬀee systems, about 450 kg/ha of coﬀee can be harvested per year (Agrisys-
tems [2001]). In 2003 the average price for conventional Arabica coﬀee as mostly produced
by Ethiopian farmers was 0.64 US$/lb (1lb=450g). Despite a decline in commodity coﬀee
prices over the last 30 years (price in 1970: 1.80 US$/lb), and taking into account shifts in
global demand and supply, the World Bank has forecasted that the price of Arabica coﬀee
14(Lewin et al. [2004]) will rise to 0.95 US$/lb in 2015. We use these forecasts to calculate
income generated by the production of semi-forest coﬀee sold as conventional commodity
coﬀee.
For certiﬁed organic fair-trade coﬀee a minimum current price of 1.35 US$/lb and
lasting for several years is set by the fair-trade market. Moreover, the price of diﬀerentiated
coﬀee is largely independent of the commodity price ﬂuctuations. This is due to diﬀerent
marketing channels characterized by closer relationships and long-term contracts between
producers and buyers (see Lewin et al. [2004]). According to a random sample of more
than 2000 actors in the North-American coﬀee industry, 9 out of 10 ﬁrms expect the price
premiums for organic, fair-trade, and shade-grown coﬀee to continue (Giovannucci [2001]).
For this reason we assume in our calculations that the price for organic coﬀee will stay
constant over time.
Based on information provided by the Coﬀee and Tea Authority (a federal regulatory
institution), OCFCU, and our own calculations,10 the costs of production, processing,
and export amount to 0.1 US$/lb. The net return on diﬀerentiated coﬀee production is
therefore 1250 US$/ha per year. The net return on conventional coﬀee was 540 US$/ha
in 2003 .
3.3 Non-Timber Forest Products
The valuation of NTFP in Sheko and Yayu builds on earlier research by the Institute
of Biodiversity Conservation and Research (IBCR), Addis Ababa, (IBCR [a], IBCR [b]),
and the FAO (Deﬀar [1998]). The IBCR conducted both participatory rural appraisals
and focus group discussions in Yayu and Sheko to determine the status and use of the
forests and their products. The author then carried out a market survey and interviewed
10Details of the cost calculation are given in the appendix.
15traditional health practitioners in the study areas.
The NTFP are classiﬁed into 3 main groups: honey, medicinal plants, and miscella-
neous goods. The miscellaneous goods are: brown cardamom (”kororima”); ”gesho,” a
condiment used in making a local drink; ”desha,” used to clean the oven; ”ensosela,” used
for decorating the skin with color; mats and baskets made of lianas and baskets made of
bamboo. The three groups of NTFP take diﬀerent channels from the forest to the farmers.
Hence the appropriate valuation methods diﬀer. They are explained in more detail in the
following paragraphs.
To calculate net income production costs have to be deducted. To assess the value
of timber and non-timber forest products from the Amazon, Peters et al. [1998] estimate
production costs to be 40% of the product value. Using a survey Batagoda et al. [2000]
estimate production costs of 50% in Sri Lanka. These ﬁgures are likely to overestimate
such costs in Yayu and Sheko, where capital and processing hardly ﬁgure. For most of the
NTFP the time spent on collection is modest as these products are gathered ”en route” or
during work in the semi-forest. Only the production of honey, mats, and baskets requires
more time. Thus for the area under study a more reasonable estimate of production costs
as a share of total product value is 20% for all products except honey, mats, and baskets.
For the latter 40% of gross value is deducted for production costs. To arrive at a per-
hectare income for NTFP, we divide the estimated values by the areas used for collection,
which approximately correspond to the semi-forest coﬀee areas.11
3.3.1 Miscellaneous Goods
The miscellaneous goods are only collected to a small degree by the farmers themselves.
Most tend to buy them at local markets. To value the miscellaneous NTFP we conducted
11The semi-forest coﬀee areas amount to half the total forest areas given in Table I.
16a market survey12 by visiting the ﬁve local markets in the Sheko district.13 The survey
was carried out at the peak of activities, around midday. Since there is a distance of 90
minutes on average between the villages and the nearest road, these markets are relatively
small, and hardly any professional traders are present. Most of the traders are farmers
selling their garden products. Despite the simplicity of the event, no barter trade was
observed, only the exchange of goods for money.
The vendors of NTFP were asked how much of the respective product they sell and
at what price, diﬀerentiating between a ”good” and a ”bad” day. On the basis of this
information we calculated an average income per seller of NTFP. Multiplying this ﬁgure
by the number of traders present at the market, we arrive at the total value of products
per market per day. Summing up all these ﬁgures across markets and multiplying by the
number of market days, we arrive at the annual value. After deducting of the production
costs, we arrive at a value for miscellaneous NTFP amounting to US$ 0.70 per hectare
and year. The results from Sheko were then transferred to Yayu.
3.3.2 Honey
Ethiopia has a long tradition of beekeeping. Although production is rather old-fashioned,
Ethiopia was fourth in beeswax and tenth in honey production on a world level in 1998
(c.f. Deﬀar [1998]). Honey is almost exclusively used for local consumption, in particular
for the brewing of a species of mead called tej. In Sheko and Yayu beeswax is regarded
as a by-product of tej-making and is not used. Though the honey is suﬃcient for local
demand, its quality does not meet international standards. The productivity of honey-
bees is low, and an average of only 5 kg of honey can be cropped annually per hive in
12Due to the sporadic fashion in which farmers collect these products, a household survey did not appear
to be very reliable.
13The Sheko district consists of 17 villages, but only 5 of them host markets.
17Sheko and Yayu. However, in areas where improved technology has been introduced an
average of 15 kg/hive/year has been recorded (DoA). The average number of beehives per
household (10) was multiplied by the average output per beehive and the total number
of households.14 The ﬁgures from honey production using modern beehives were then
added. Total production was valued at the average local price of 0.9 US$/kg (DoA) and
production costs of 40% were deducted. Accordingly, annual production in Sheko and
Yayu is worth US$ 14.6 and US$ 11.6 per hectare, respectively.
3.3.3 Medicinal Plants
Medicinal plants are mostly collected by traditional health practitioners (THP) and then
used for curing patients.15 For the valuation of medicinal plants we conducted interviews
with THPs in Yayu and Sheko. Villages for the survey were selected randomly. The survey
revealed that on average there are 2 THPs per village.16 Using guides to contact the local
THP in each village, we managed to talk to 80% of all THPs. We asked them about the
illnesses they attempt to cure, the average number of patients asking for such treatment,
and the prices for the diﬀerent kinds of treatment.
We found that on average a THP is familiar with four diﬀerent kinds of treatment
costing US$ 2.40 each. The illnesses most often treated are tuberculosis, haemorrhages,
snake and dog bites, and skin and liver diseases. The average number of patients per
treatment is 12 per month. This provides each THP with an annual income of US$
1382.40. Multiplying this ﬁgure by the number of THPs per district and adjusting for the
collection costs for medical plants, we arrive at a total income related to medicinal plants
14The number of modern beehives in Sheko is 6910, in Yayu it is 346. Note that 4,454 households live
in Sheko, while 17,127 live in Yayu.
15THPs are normal farmers who have learned how to prepare medicines from medicinal plants. This
knowledge is usually kept secret within the family.
16This number was conﬁrmed by the local health oﬃce.
18of US$ 3 and US$ 1.80 per hectare for Sheko and Yayu respectively.
3.4 Fuel Wood and Timber
The stock of the Ethiopian natural high forest ranges from 30m3/ha to 300m3/ha, depend-
ing on the level of incursion (c.f. EFAP [1994]). For semi-forest coﬀee, the average stock
is 200m3/ha with an incremental yield of 4m3/ha. Gole [2003] carried out a vegetation
survey in Yayu and assessed the volume of timber trees. We draw on his results for both
districts. In each case the diﬀerence to the total volume is the amount of fuel wood that
can be harvested17.
According to the local department of agriculture, the local price for 1m3 of timber is
approximately US$ 23. We deduct two labor days for production and arrive at a value of
US$22.2/m3.18
The price of fuel wood is more diﬃcult to determine because quantities are measured in
local units such as ”women’s load” or ”donkey load”. A survey undertaken by the German
Technical Development Cooperation in 2000 estimates the price of rural fuel wood to be
US$20/m3 (GTZ [2000]), and we have used this estimate in our calculation. Deducting
labor costs of 2 days we arrive at a value of US$19.2/m3.
Based on these data, the income gained from producing timber and fuel wood in
converting one hectare of natural forest into farm land amounts to US$ 6174. One hectare
of forest converted to semi-forest coﬀee production results in a one-time income of US$
2022 from fuel wood and timber and a recurrent ﬂow income of US$ 76.8 per year from
fuel wood production.
17For further details see appendix.
18We assume that the opportunity cost of labor is the same as for the production of maize.
193.5 Results
The results of the income analysis for Sheko are summarized in Tables (III) a and b.
The ﬁgures for Yayu are similar and can be found in the appendix (Table (IX) a and
b). The results indicate that at discount rates of 30 to 50% maize production is more
proﬁtable than sustainable forest management. Although the harvesting of non-timber
forest products represents an additional source of income, and despite the fact that coﬀee
generates a stable and relatively high income, the high discount rates favor the immediate
returns from sales of timber and fuel wood preceding maize production. In the near future,
the superiority of conversion is likely to increase as the prices for timber and fuel wood
are expected to rise sharply.19
(a) Net income discounted at 53%
Good Sustainable forest management Maize production
diﬀerentiated coﬀee conventional coﬀee improved traditional
NTFP 37 37 0 0
Fuel wood (once) 1267 1267 3110 3110
Fuel wood (annually) 154 154 0 0
Timber 755 755 3064 3064
Maize 0 0 161 100
Coﬀee 2499 1743 0 0
Total 4712 3956 6335 6274
(b) Net income discounted at 30%
Good Sustainable forest management Maize production
diﬀerentiated coﬀee conventional coﬀee improved traditional
NTFP 61 61 0 0
Fuel wood (once) 1267 1267 3110 3110
Fuel wood (annually) 256 256 0 0
Timber 755 755 3064 3064
Maize 0 0 268 150
Coﬀee 4159 2764 0 0
Total 6498 5103 6442 6324
Table III: Discounted net income in US$/ha per use system in Sheko.
19GTZ [1998] observes that the price of fuel wood increased by 70% every ten years between 1970 and
1995.
20Comparing the two systems of maize production, the revenues from improved maize
production exceed those arising from traditional practices. Nonetheless, under the current
conditions it seems unlikely that improved management will become the dominant farming
system.
Despite price premiums for certiﬁed organic coﬀee (over US$ 1000 per hectare) those
are not suﬃciently high to ensure that sustainable forest management will be regarded
by farmers as the most proﬁtable land use option. To tip the balance, the price would
have to rise to a level of about US$2/lb. Moreover, many farmers still sell their coﬀee as
a simple commodity since switching requires investments in new marketing channels and
certiﬁcation. Cheaper and more reliable access to credit would therefore not only raise
the proﬁtability of sustainable forest management by lowering farmers’ discount rates, it
would also facilitate switching to diﬀerentiated coﬀee production.
4 Total Economic Value
In this section we calculate the total economic values (TEV) of the alternative use systems
from the perspective of Ethiopia as a whole. The TEV consists of direct use values, indirect
use values, option values, and non-use values.
Prior to identiﬁcation of the relevant costs and beneﬁts, we reviewed empirical studies
and surveys on the economic values of forests and other land use systems (see Pearce
and Pearce [2001], Bishop [1999],Pearce et al. [2002], Chomitz and Kumari [1998], Yaron
[2001]). In most studies, the highest values are attached to direct uses, like timber extrac-
tion, or the indirect use of the carbon storage capacity of forests.
Here we ﬁrst present estimates of the values arising at global, national, and local levels.
We then undertake a cost-beneﬁt analysis to establish the best possible use of the forest
21areas from the Ethiopian perspective. This procedure allows us to compare and contrast
the global and national interests involved.
Except for the economic value of the genetic diversity of Arabica coﬀee, all values are
expressed in per-hectare terms. This is consistent with the income analysis.
As in standard CBA practice, market prices are used whenever markets are functioning
well (Squire and van der Tak [1995], Dinwiddy and Teal [1996]). As a reasonable approx-
imation, the semi-forest coﬀee in Sheko and Yayu is valued in terms of its premium price.
The NTFPs included in the income analysis are only traded and consumed locally. These
prices can be safely regarded as representing the actual willingness to pay on the part of
the consumers, because the goods are traded competitively on local markets20. If mar-
kets are not functioning well, values are estimated by using the replacement cost method,
the avoided cost method, beneﬁt transfer, or the opportunity cost. In the following we
examine these cases in more detail before presenting the overall results.
4.1 Direct Use Values: Timber and Fuel Wood
Ethiopia is a net importer of wood products. Since the local market is distorted by state
intervention, which deters private investment in the forestry sector (see Yemshaw [2002],
Bekele [2001]), we did not rely on local market prices for the valuation of timber and
fuel wood. Instead we chose the replacement cost method for fuel wood. Its value is
approximated by the cost of a eucalyptus plantation supplying the equivalent amount of
wood. According to Pohjonen and Pukkala [1990] the expected annual yield of eucalyptus
plantation is 20m3/ha. Wirtu and Gong [2000] estimates the average cost of production
20To be more precise, we value the ﬂow of NTFP and assume it to be sustainable. The ﬁgures for
medicinal plants include the value of the traditional knowledge at health practitioners’ disposal. But as
this knowledge would invariably vanish with the loss of the forest it can be regarded as an additional
beneﬁt.
22to be US$205/ha.21
By contrast, timber is valued by its border price. According to ITTO [2002], the aver-
age prices for logs imported to Africa in 2001 and 2002 were US$251/m3 and US$252/m3
respectively. Similarly, the average value of sawn wood imported to Ethiopia in 2002 was
US$241/m3 (see FAO [b]). Accordingly, we assume the price of timber to be US245$/m3.
In 2003 the Sawmill and Joinery Enterprise reported processing and transport costs of
US$163/m3 (for a sawmill based in Addis Ababa). We deduct this ﬁgure from the gross
value of the timber. Accordingly, the unit value of timber is US$82/m3. For the volume
of wood the same data as in the income analysis are applied.
4.2 Direct Use Value: Maize
In Ethiopia, 5 million people are chronically dependent on food aid. Varying from crop year
to crop year further emergency assistance is provided by international donor organizations.
Grain markets in Ethiopia function through a limited number of small traders who buy
surpluses from farmers and sell them at the nearby markets at relatively small proﬁt
margins. These markets are segmented, and grain movements from surplus to deﬁcit
areas are constrained by high transport costs due to poor road infrastructure, limited
competition in the transport sector, and weak market information systems. The donor
organizations rely on imports to meet the food requirements.22 For this reason we value
the direct use value of maize by its import parity price. According to OECD estimates,
the world price for maize will be about US$113/t in the next 10 years23. We use their
estimation and add ocean freight and insurance costs of US$ 40 /t for transport from Gulf
21Costs include establishment, weeding, guarding, thinning, harvesting, and land rent. For example, to
replace 162m
3 of the fuel wood associated with 1 ha of maize production, 8.1 ha of eucalyptus plantation
would have to be established, leading to a cost of US$ 1660.5 per ha of maize.
22For further information on food assistance for Ethiopia see FAO [c].
23Price for No2 yellow maize, US f.o.b. Gulf Ports, see OECD [2004].
23ports to Djibouti.24 To estimate the import parity price of maize in Addis Ababa we have
to add transportation costs from Djibouti. However, due to the same distance (ca. 600
km) and a similar road infrastructure, these are approximately equal to the transportation
costs from Yayu and Sheko to Addis Ababa, which will then be deducted from the import
parity price. Thus we arrive at a unit value of US$153 /t for maize.
Here again, we distinguish maize produced in a sustainable way and maize produced
under traditional management, using the same data as in the income analysis for pro-
duction costs and yields. Thus the per-hectare value of maize produced under traditional
management is US$ 227.4 in the ﬁrst year. Improved maize production leads to annual
beneﬁts of US$ 378.1 per hectare.25
4.3 Direct Cost: Wild Animals
Farmers in Sheko and Yayu incur substantial losses due to wild animals inhabiting the
forest and looting their ﬁelds. These losses are seen as costs associated with the forest.
Bonger et al. [2002] value these costs by taking the average amount of time farmers require
to guard their ﬁelds multiplied by the opportunity cost of labor. Following their results
for diﬀerent areas (US$ 10 to US$ 73) we assume annual losses of US$ 40 per household
due to wild animals. This takes into account the proximity of the forest to the ﬁelds in
Sheko and Yayu. Multiplying the cost per household by the number of households and
dividing it by the number of hectares of forest we arrive at a cost of US$ 7.4 per hectare
of forest in Sheko and US$ 7.6 in Yayu.
24US$40/t is an estimation based on freight rate data obtained from FAO [d].
25Traditional: 1800kg/ha×US$153/t−US$/48ha = US$227.4/ha Improved: 3200kg/ha×US$153/t−
US$48/ha − US$50/ha − US$13.5/ha = US$378.1/ha.
244.4 Direct Cost: Implementation of Strict Conservation
Strict conservation of the forest requires investment in infrastructure and the employment
of personnel to ensure the protection of the forest and to facilitate the exploration of plant
and, especially, wild coﬀee diversity. Our calculation of these costs is based on project
documents of the European Commission for the conservation of the forest in Sheko and
Yayu (see Agrisystems [2001]). These provisions include guards, forest management oﬃces,
and one person per district responsible for conﬂict prevention. Initial investment costs are
US$ 79/ha and US$ 3/ha of labor costs accrue arise annually.26
4.5 Indirect Use Value: Watershed Services
Typically, watershed services resulting from upstream land uses subsume services such as
the regulation of water quantity and quality and erosion control. Their magnitude and
direction completely depend on local conditions and, in the case of conversion, on the
subsequent land use system (Calder [1999]). Unfortunately there are no reliable studies
investigating these services for the south-western highlands of Ethiopia and the forest in
particular (pers. com. ”Ethiopian Nile Basin Project”, Ministry of Water Resources,
Addis Ababa). We were thus unable to calculate the potential costs and beneﬁts relating
to the watershed. Nevertheless they do deserve attention. The montane forest in the study
areas belongs to the class of cloud forests. Tropical montane cloud forests are frequently
covered in clouds or mist. Therefore, in addition to rainfall, they capture water droplets
condensing on the vegetation. Cloud water interception generally lies within the range
of 5-20% of ordinary rainfall in wet tropical locations but can be much higher in certain
exposed locations (see Bruijnzeel [2004]). This results in stream ﬂows from cloud forest
26A detailed list of costs is given in the appendix.
25areas that are greater than can be attributed to rainfall. Another aspect is the magnitude
of stream ﬂows in dry periods. There is a growing body of evidence from Latin America
that cloud forest clearance for pasture or annual cropping may lead to decreased ﬂows in
the dry season. Several capital cities in Latin America beneﬁt from the augmented water
supply provided by cloud forests: Quito (Ecuador), Mexico City (Mexico), and Tegucigalpa
(Honduras) (Bubb et al. [2004]). We therefore add a non-quantiﬁable beneﬁt, which we
will call ’watershed services’ to the use systems strict conservation and sustainable forest
management.
4.6 Non-Use Values
The stated preference method is the usual tool employed to estimate non-use values. De-
spite methodological progress in CVM in the last decades, according to Carson et al. [2001]
stated preference techniques are still extremely sensitive to language and the cultural en-
vironment.27 As the authors are not Ethiopian, we refrained from conducting a CVM
among the local population. Unless forests have unique features like rare beauty or fasci-
nating fauna (Pearce and Pearce [2001]), the literature reports modest non-use values for
forests for developing countries hardly exceeding 1% of household income (see in particular
Bishop [1999]). Anecdotal evidence from interviews with farmers in Sheko conﬁrms the
view that they greatly appreciate the various useful products they can obtain from the
forest. This view was expressed earlier by IBCR [a] and IBCR [b]. Due to the evidence
suggesting that non-use values are quite low, we did not include it in the analysis.
27Whittington [2002] describes the most common mistakes made in administering contingent valuation
studies in developing countries.
264.7 Indirect Use Value: Carbon Storage
By storing carbon, a process known as sequestration, forests can slow down global warm-
ing. This is a beneﬁt that accrues to the world as a whole. Obviously, more carbon can
be stored with agro-forestry than with conversion of the forest to farm land for maize
production. For a valuation of the carbon stored in the trees and other forest plants one
can either estimate the marginal damage avoided or use the market price for tradable CO2
emission permits.
With the avoided cost method, the value of a tonne of carbon is approximated by
the global warming damage a tonne of carbon would contribute to. Estimates by the
Intergovernmental Panel on Climate Change suggest that the marginal damage of a tonne
of carbon would hardly exceed US$ 50 /tC (Smith et al. [2002]).28
Current market prices for emission reductions vary depending on the possibility of
registration under the Kyoto protocol. Average prices lie between US$ 1 and US$6/tCO2
(1tC = 3,667 tCO2). For projects not intended for Kyoto compliance, the average price
is $ 1.34/tCO2 (World Bank 2004b). Avoided deforestation is currently not admissible
under the Kyoto protocol.
Since the Ethiopian government does not have any data on the amount of carbon stored
in its land uses (pers. com. Ministry of Agriculture, Addis Ababa), we have borrowed
our data from a study conducted by Gockowski et al. [2001]. These authors compare
dense cocoa agro-forest, primary forest, and intensive farming in southern Cameroon with
respect to their time-averaged carbon stocks. The primary forest stores 307 tons of carbon
per hectare. The amount of biomass and, hence, the amount of carbon stored in the agro-
forestry system is reduced. With an average tree stock age of 25 years 132 tons of carbon
28This result was conﬁrmed recently by Tol [2005], who reviewed 22 marginal cost studies containing 88
estimates.
27are stored. By contrast, the most intensive farming system with a fallow period of 1.5
years stores 82 tons of carbon. Since further conversion of forest to farm land is very likely
to happen in the absence of policy measures, we take this as the reference point, assuming
a carbon storage value of zero. Accordingly, the global value of the carbon stored in
the untouched rainforest protected by strict conservation ranges somewhere between US$
11,250 /ha and US$ 1,106/ha, depending on the price attached. The carbon stored by
the semi-forest-coﬀee system has a global value between US$ 2,500 /ha and US$ 246 /ha
based on avoided marginal cost and market price respectively.
4.8 Indirect Use Value: Biodiversity
An inventory of fauna and ﬂora in Ethiopia suggests a high degree of biodiversity.29 Cloud
forests are in general focal points of biodiversity. 86% of the worldwide cloud forest sites
identiﬁed by a UNEP-WCMC inventory (Bubb et al. [2004]) are found on the list of
priority forests deﬁned by Olson and Dinerstein [1998].30
To place a global value on the amount of biodiversity in the study areas, we consider
its option value, represented by its value for future pharmaceutical research and coﬀee
breeding. As the level of general plant diversity is signiﬁcantly reduced in the semi-forest
coﬀee areas, the value for pharmaceutical research is only attached to the use system of
strict conservation.
29An inventory indicates that there are 277 species of terrestrial mammals, 862 species of birds, 201
species of reptiles, 63 species of amphibians, 150 species of ﬁsh, and 7000 species of higher plants. Among
these, 11% of the mammals, 3.3% of the birds, 4.5% of the reptiles, 38% of the amphibians, and 12% of
the higher plants are endemic (EFAP [1994]).
30These authors selected priority forests based on the following set of parameters: species richness;
species endemism; higher taxonomic uniqueness; unusual ecological or evolutionary phenomena (such as
migrations); global rarity; keystone habitats.
284.8.1 Pharmaceutical Research
Up to now three generations of studies have dealt with the informational value of biodi-
versity for pharmaceutical research. Most of them approximate the informational value
by estimating private values of biodiversity for respective companies. These companies
are assumed to prospect plant material or animals for substances that are suitable for
pharmaceutical products. The approaches of the ﬁrst and second generation multiply the
probability of discovering a commercially valuable substance by the value of the substance
itself (based on sales values of pharmaceutical companies and estimates of plant based
drug sales) to estimate the average value of a species for pharmaceutical research (e.g.
Principe [1989], Mendelsohn and Balick [1992]).
More reﬁned models of the third generation, as proposed by Simpson et al. [1996],
Rausser and Small [2000] estimate the values of the marginal species rather than the
average values of all species. In order to describe the willingness of pharmaceutical ﬁrms
to pay for the right to ”bioprospect” a certain area, these authors value marginal species
on the basis of their incremental contribution to the probability of making a commercial
discovery. This is a consequence of the probability of redundancy among research leads.
Various leads may bring about the same innovation, just as caﬀeine can be found both
in coﬀee and tea. This redundancy feature causes the relatively small values for marginal
species and the respective areas for bioprospecting. Employing this method, Simpson et al.
[1996] ﬁnd values ranging between US$ 0.2 and US$ 20.6 per hectare for 18 hot-spot areas
as deﬁned by Myers [1988].
Rausser and Small [2000] claim that these low values are related to the way the search
process is modeled. They introduce a targeted search process contrasting with the random
search assumed in the earlier models. According to this method prospecting ﬁrms take into
29account existing information on diﬀerent sites and their anticipated research quality. Then
they rank potential research sites according to their quality. If promising sites are examined
ﬁrst, research costs decline, and the values for the same 18 hot-spot sites range between
US$ 231 and US$ 9,000 per hectare. These high values are largely due to information
rents resulting from prior existing information on the quality of these hot-spots.
Ethiopia did not appear on the list of 18 hot-spots. Recently, Myers et al. [2000]
presented new information on biodiversity hot-spots. They enlarged the list to twenty-ﬁve
areas worldwide. Their basic analysis is driven by two criteria: species endemism and
degree of threat. Ethiopia is still not on their list because they ﬁnd that the Ethiopian
highlands ”appear to feature exceptional plant endemism and exceptional threat, but
are not suﬃciently documented to meet the hot-spot criteria.” Considering this apparent
absence of precise information on the Ethiopian highlands, but taking into account its
position as a ”near hot-spot”, we have assumed a fairly modest value of US$ 20 per
hectare.
4.8.2 Agronomic Research
The option value of biodiversity for agronomic research is approximated by the value of
the diversity of Arabica coﬀee growing in the forest. As mentioned above, Arabica coﬀee
originates from Ethiopia. Since, according to Ferwerda [1976], the spread of Arabica coﬀee
across the world was based on only a few original trees, the coﬀee plantations in producer
countries posses an extremely narrow genetic base, which makes the coﬀee vulnerable to
diseases and pests.31 Coﬀee production in Ethiopia is still possible despite endemic leaf
rust and the outbreak of a new disease called coﬀee-berry disease in 1971. This fact is
31The occurrence of coﬀee leaf rust in Sri Lanka in 1869 forced that country to abandon coﬀee production
and shift to tea.
30attributed to the availability of genetic diversity and its ability to release resistant varieties
in a very short space of time (see Demel [1999]).
For the economic value of this diversity we draw on the results of the study by Hein
and Gatzweiler [2005]. They use the potential of genetic resources to enhance the value of
coﬀee production to establish an economic beneﬁt. Speciﬁcally, coﬀee genetic resources are
valued on the basis of three main aspects: their potential use for breeding disease-resistant
varieties (thus avoiding cost of damages), the potential for breeding a caﬀeine-free coﬀee
cultivar (avoiding the costs of decaﬀeination), and their potential to increase coﬀee yield
(increased proﬁt). Hein and Gatzweiler [2005] obtained estimates on the potential costs
and beneﬁts of a breeding program for enhanced coﬀee by conducting an extensive survey
of the literature and by interviewing experienced coﬀee breeders. They ﬁnd that the total
net beneﬁts of coﬀee genetic diversity in Ethiopia amount to US$ 1458 million at a 5%
discount rate over a period of 30 years and US$ 420 million at a discount rate of 10%.
Hein and Gatzweiler [2005] argue that their estimates represent minimum values be-
cause they do not include all the potential beneﬁts that can be obtained from genetic coﬀee
resources. They mention the potential for resistance to other diseases than those included
in his study. The study, however, suﬀers from the assumption of constant prices over the
coming decades. The precondition for this would be a suﬃcient increase in global demand
for coﬀee over the next few decades that would absorb the increased supply resulting from
higher yields and the reduction of disease-induced losses.
A further important issue for our analysis is the availability of Ethiopian coﬀee acces-
sions in coﬀee collections around the world and in ﬁeld gene banks. Table IV (page 32)
shows the major ﬁeld gene bank collections of Arabica coﬀee.















































































































































































































































































































































































































































































































































































































































































32maintained in Brazil (Silvarolla et al. [2004]). Apparently, part of the economic value of
the coﬀee diversity generated by Ethiopia has already been transferred to other countries
and cannot be attributed to our study regions. The above estimates must therefore be
regarded as very rough indicators of the value of coﬀee diversity. They are attributed to
strict conservation and to sustainable management of the forest areas as a whole.
4.9 Results
In this section we ﬁrst present the results of the cost-beneﬁt analysis conducted from
the Ethiopian perspective. These ﬁndings are then combined with our assessment of the
global values of the forest. All future costs and beneﬁts are discounted by rates of 10%,
5%, and 2%. A discount rate of 10% is recommended for the evaluation of projects by
the Ethiopian Ministry of Economic Development and Cooperation (GoE [1998]). Here
we only report the ﬁgures for Sheko. Those for Yayu convey the same picture and are
presented in the appendix (table (X)).
According to the available data and the aforementioned calculations, only two of the
three use systems achieve positive net present values. These are maize production and the
sustainable use of the forest (Table V, page 34). The negative net present value of strict
conservation is very probably due to the lack of data on the local beneﬁts of watershed
services provided by the forest, i.e. the regulation of the water quantity and quality in the
region. Nevertheless, the conservation initiative by the government of Ethiopia and the
European Commission is, at least according to these estimates, not in the best interests
of Ethiopia.
At discount rates of 2% and 5%, the sustainable use of the forest is the most proﬁtable
option, while maize production is associated with the highest beneﬁts at a discount rate of
33(a) Maize production, traditional management
Value Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
Maize 1,123 1,469 1,770
Fuel wood 1,661 1,661 1,661
Timber 14,490 14,490 14,490
Total 17,274 17,620 17,921
(b) Maize production, improved management
Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
Maize 3,397 5,217 7,151
Fuel wood 1,661 1,661 1,661
Timber 14,490 14,490 14,490
Total 19,548 21,368 23,302
(c) Strict forest conservation
Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
(Watershed services) n.a. n.a. n.a.
Wild animals -67 -102 -140
Implementation -106 -120 -136
Total -173 -222 -276
(d) Sustainable forest management
Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
(Watershed services) n.a. n.a. n.a.
NTFP 164 253 346
Fuel wood 716 716 716
Timber 3,570 3,570 3,570
Coﬀee 11,231 17,249 23,643
Wild animals -67 -102 -140
Total 15,614 21,686 28,135
Table V: Results of CBA for Sheko
3410%. Unfortunately it is not possible to establish whether the maximum diﬀerence between
maize production and sustainable forest management - US$ 4,000 /ha - is outweighed by
the beneﬁts of the watershed services provided by the forest.
The high net present value of maize production highlights two points. First, it reﬂects
the timber value stored in Ethiopia’s forests. Second, it calls attention to the value of
food in this drought-stricken and aid-dependent country. Regarding maize output only,
the improved version is 2 to 3 times more proﬁtable than the traditional one.
The high positive value of sustainable forest management is the sum of mid-range
beneﬁts like timber and non-timber forest products combined with the returns from coﬀee
production. Over and against the pure income analysis, the long-term beneﬁts of con-
tinuous high income generated by coﬀee here receive more weight due to lower discount
rates.
From a global perspective, which adds the indirect values of biodiversity conservation
and forest carbon storage to the direct use values, sustainable management of the forest
is the most beneﬁcial use option. From a national perspective, sustainable forest manage-
ment is only the most beneﬁcial solution at a discount rate of 5% or lower. It follows that,
if the Ethiopian farmers were to switch from their dominant use system, which is maize
production, to sustainable use of the forest, they could rightfully claim compensation from
the global community, especially the coﬀee-producing countries, for their eﬀorts to provide
global environmental services.
It remains to be said, though, that sustainable management of the forest is associated
with a trade-oﬀ, as part of the forest biodiversity will be irreversibly lost.
355 Conclusions
We analyzed three alternative use systems for the remaining montane rain forest in south-
west Ethiopia with respect both to their ﬁnancial returns and their total economic costs
and beneﬁts. These use systems are conversion to crop land, strict conservation, and
sustainable use of the forest. The objective was to investigate whether conservation of
biodiversity can be compatible with poverty alleviation in the Ethiopian highlands.
The cost-beneﬁt analysis shows that from a global perspective sustainable forest man-
agement is the most beneﬁcial land use option. From the national viewpoint, sustainable
forest management produces the highest net beneﬁts at discount rates of 5% or lower. It
generates high beneﬁts in terms of income from coﬀee production and other forest prod-
ucts, which largely accrue to Ethiopia. It also provides global environmental services like
the conservation of coﬀee genetic diversity and the storage of carbon. We therefore argue
that, from a theoretical viewpoint, conservation is compatible with local economic devel-
opment. However, this involves a trade-oﬀ as management of the forest will reduce forest
biodiversity. By contrast, the results of the income analysis conﬁrm what the annual defor-
estation rate of 8% already painfully illustrates: maize and timber production generate the
largest cash ﬂow to the farmers. Current incentives and institutional constraints induce
farmers to continue to convert forest to cropland. Note, however, that current distortions
on the maize and timber market reduce the ﬁnancial proﬁtability of conversion and will
thus prevent further deforestation. The local price for timber is about one quarter of its
economic value. Likewise, due to a segmented market, the farm gate price for maize lies
at 25% of its estimated value.
Some farmers receive premium prices for certiﬁed organic fair-trade coﬀee and thus
take into account the positive external environmental eﬀects associated with sustainable
36forest management. The price premium raises the ﬁnancial proﬁtability of sustainable use
of the forest to some extent, but the current monetary incentive is not suﬃciently high
to make this form of use interesting to farmers. According to our estimates, a premium
price of US$ 2 /lb, as opposed to the current US$ 1.35 /lb, would be necessary to tip the
balance. Such a price is hardly conceivable, but it would be justiﬁable on environmental
grounds. It would amount to a transfer payment of US$ 1350 /ha, which adds up to US$
26 million annually for the currently protected forest areas. Recall that the discounted
net beneﬁt of coﬀee genetic diversity lies between US$ 1458 million and US$ 420 million,
depending on the discount rate.
Can coﬀee save Ethiopia’s cloud forest and alleviate poverty? We conclude that it
could helping doing so. It would serve as a vehicle for transfer payments from consumers
to farmers with the objective of protecting global environmental beneﬁts. Moreover, at
its current level it already raises the incomes of those farmers who have successfully en-
tered the niche market for diﬀerentiated coﬀee. To prevent further conversion, however,
timber plantations are necessary. In addition, better conditions for private investment
would facilitate entry to niche markets and increase the proﬁtability of sustainable forest
management in general by lowering discount rates. This could be achieved by improving
the local ﬁnancial infrastructure and tenure security.
Finally, one point deserves emphasis. Forest-based poverty alleviation can be reconciled
with conservation in Ethiopia. The sustainable use of biodiversity should be an integral
part of economic development in the forest areas. But a deforestation rate of 8% per year
calls for quick action.
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6.1 Income from timber and fuel wood
(a) Sustainable forest management
A) Natural forest B) Sustainable forest management
1. Stock 300m3/ha 200m3/ha
2. Volume of standing timber 138m3/ha 104m3/ha
3. Volume of fuel wood (1.-2.) 162m3/ha 96m3/ha
4. Incremental annual yield n.a. 4m3/ha
5. Value of timber - [2A) − 2B)]22.2US$/m3 = 754.8US$/ha
6. Value of fuel wood - [3A) − 3B)]19.2US$/ha = 1267.2US$/ha
7. Value of fuel wood annually - 4m3/ha × 19.2US$/ha = 76.8US$/ha
(b) Maize production
A) Natural forest C) Maize production
1. Stock 300m3/ha 0
2. Volume of standing timber 138m3/ha 0
3. Volume of fuel wood (1.-2.) 162m3/ha 0
5. Value of timber - [2A) − 2C)]22.2US$/m3 = 3063.6US$/ha
6. Value of fuel wood - [3A) − 3C)]19.2US$/ha = 3110.4US$/ha
Table VI: Income out of timber and fuel wood (Price of fuel wood: 19.2US$/m3,
price of timber: 22.2US$/m3), Source: DoA, GTZ [2000], EFAP [1994],
386.2 Opportunity cost of rural labor
A Value of agricultural production in 2003 (US$’000) 2,800,600
B Labor cost relative to A (60%)(US$’000) 1,680,360
C Economically active rural population in 2003 23,360,100
D Adult equivalent to C (75%) 19,629,721
E Agricultural opportunity cost (B/D) in 2003 (US$) 143
Opportunity cost of rural labor per day (ETB) 3
Table VII: Opportunity cost of rural unskilled labor in Ethiopia The opportu-
nity cost of rural unskilled labor was estimated on the basis of the value of agricultural
production and the number of full-time adult equivalent workers. 60% of the value of agri-
cultural production is a return to labor. Source: GoE [1998] updated with World Bank
Development Data
396.3 Cost of semi-forest coﬀee
A Production costs ETB/ha (450kg of green coﬀee)a
Weeding, 60 man-day a 3 ETB 180 ETB
Pruning, 30 man-day a 3 ETB 90 ETB
Harvesting, 60 man-day a 3 ETB 180 ETB
A Total 450 ETB
A Total/kg 1 ETB
B Processing costs ETB/kg of green coﬀeeb
Transport from producer to hullery 0.07 ETB
Hulling costs 0.23 ETB
B Total 0.3 ETB
C Marketing and export expensesc 0.3 ETB/kg
A + B + C 1.6 ETB/kg
aData provided by Coﬀee and Tea Authority, Addis Ababa
bData provided by Coﬀee and Tea Authority, Addis Ababa
cData provided by Oromiya Coﬀee Farmers Cooperative Union, Addis Ababa
Table VIII: Cost of semi-forest coﬀee
406.4 Results of income analysis for Yayu
(a) Net income discounted at 53%
Good Sustainable forest management Maize production
diﬀerentiated coﬀee conventional coﬀee improved traditional
NTFP 28 28 0 0
Fuel wood (once) 1267 1267 3110 3110
Fuel wood (annually) 154 154 0 0
Timber 755 755 3064 3064
Maize 0 0 225 130
Coﬀee 2499 1743 0 0
Total 4703 3947 6399 6304
(b) Net income discounted at 30%
Good Sustainable forest management Maize production
diﬀerentiated coﬀee conventional coﬀee improved traditional
NTFP 47 47 0 0
Fuel wood (once) 1267 1267 3110 3110
Fuel wood (annually) 256 256 0 0
Timber 755 755 3064 3064
Maize 0 0 374 195
Coﬀee 4159 2764 0 0
Total 6484 5089 6548 6369
Table IX: Discounted net income in US$/ha per use system in Yayu
416.5 Results of cost-beneﬁt analysis for Yayu
(a) Maize production, traditional management
Value Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
Maize 1,123 1,469 1,770
Fuel wood 1,661 1,661 1,661
Timber 14,490 14,490 14,490
Total 17,274 17,620 17,921
(b) Maize production, improved management
Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
Maize 3,397 5,217 7,151
Fuel wood 1,661 1,661 1,661
Timber 14,490 14,490 14,490
Total 19,548 21,368 23,302
(c) Strict forest conservation
Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
(Watershed services) n.a. n.a. n.a.
Wild animals -75 -105 -144
Implementation -106 -120 -136
Total -181 -225 -280
(d) Sustainable forest management
Present value per ha Present value per ha Present value per ha
discount: 10% discount: 5% discount: 2%
(Watershed services) n.a. n.a. n.a.
NTFP 127 195 257
Fuel wood 716 716 716
Timber 3,570 3,570 3,570
Coﬀee 11,231 17,249 23,643
Wild animals -75 -105 -144
Total 15,569 21,625 28,042
Table X: Results of CBA for Yayu
426.6 Implementation cost of strict conservation












B Vehicles, Machinery & Equipment




House furniture kits 320




Forest inventory equipment 30
Subtotal Vehicles, machinery & Equipment 1860
Total investment cost 6830
II Recurrent cost ETB/month
A Salaries and wages
Project site manager 2500
Conservation oﬃcer 2000








Subtotal salaries and wages 13000
B Operating cost 8330
Total recurrent cost 21330
Table XI: Estimated costs of implementation of strict conservation, Yayu forest (Agrisys-
tems [2001])
436.7 List of Interviewed Experts per Topic
6.7.1 Forest
Pierric Fraval, Ethiopian Nile Basin Project, Ministry of Water Resources, Addis Ababa
Jean B. Laﬃtte, UNDP, Environment Unit, Addis Ababa
Stefano Latella, UNDP, Environment Unit, Addis Ababa
Abebe Tadege, National Meteorological Services Agency, Addis Ababa
Million Bekele, forester, Ministry of Agriculture, Addis Ababa
Nicholas Petit, European Commission, Addis Ababa
Ben Irvin, Farm Africa, Addis Ababa
Ato Mesﬁn, Institute for Biodiversity Conservation and Research (IBCR), Addis Ababa
Ato Taye, Institute for Biodiversity Conservation and Research (IBCR), Addis Ababa
Martin Neumann, Gesellschaft f¨ ur Technische Zusammenarbeit (GTZ), Addis Ababa
Trudy Koenemund, Gesellschaft f¨ ur Technische Zusammenarbeit (GTZ), Addis Ababa
6.7.2 Maize production
Dr. Tasfa Bogale, agronomist, Jimma Agricultural Research Center, Jimma
Volli Carucci, World Food Program, Addis Ababa
Dr. Abiye Astatke, agronomist, International Live Stock Research Institute (ILRI),
Addis Ababa
Dr. Kai Sonder, agronomist, International Live Stock Research Institute (ILRI), Addis
Ababa
Dr. Legesse Dadi, agricultural economist, Ethiopian Agricultural Research Organiza-
tion, Addis Ababa
446.7.3 Coﬀee
Ato Assefa, Coﬀee and Tea Authority, Addis Ababa
Martin Grunder, Menschen f¨ ur Menschen, Yayu
Tadesse Meskela, general manager, OCFCU, Addis Ababa
Dr. Demel Teketay, director general, Ethiopian Agricultural Research Organization,
Addis Ababa
Dr. Tadesse Gole, Forestry Department, Ethiopian Agricultural Research Organiza-
tion, Addis Ababa
Dr. Thomas Borsch, botanist, University of Bonn, Germany
Dessialo Fantai, forester, DoA in Sheko
Ibrahim Mohammed, extension oﬃcer, DoA in Sheko
Lako Asrat, coﬀee agronomist, DoA in Sheko
Abebe Diori, agronomist, DoA in Yayu
Bely Legesse, extension oﬃcer, DoA in Yayu
Dinga Amente, forester, DoA in Yayu
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